Callus and biomass culture of Catharanthus roseus L. were established to check for the presence of total alkaloid and its subsequent yield. Various treatments like strength of nutrient salts, sucrose concentrations and combinations of plant growth regulators (PGR's) were applied to both MS and B5 in agar as well as suspension medium to test their effects on enhanced alkaloid content and its yield. There was no significant difference in any of the observable parameters of fresh wt, dry wt, alkaloid content, production, productivity and yield if the culture were treated similarly in both types of media formulations (MS or B5 salts). Physical state (agar solidified or the liquid suspension) of the medium had significant effect on all the parameters particular on fresh wt, alkaloid content and yields. Although, the fresh wt. and dry wt. of biomass in suspension culture was 2-3 times less than that of callus obtained from agar medium. However, the alkaloid content and yield was 2-3 times higher in suspension culture compared to agar medium in similar treatments. The highest alkaloid content observed was 5.67mg/g dwt in B5 suspension medium containing 3% sucrose and modified with 0.5mg/l 2,4-Dichlorophenoxy acetic acid (2,4-D) + 1 mg/l Kinetin (KIN) + 2mg/l α-naphthalene acetic acid (NAA). The combined effects of these factors on the enhanced production of total alkaloids were expected to contain higher yield of anticancer vinblastine and vincristine in the cell suspension culture system.
Introduction
Plants are rich source of a number of secondary metabolites including the alkaloids with an estimated count of around 3000 different types till date [1] . The indole alkaloid, also known as monoterpenoid indole alkaloids (MIA) or terpenoid indole alkaloids (TIA) are derived from strictosidine which interns obtained from tryptamine and a portion from iridoid secologanin [2, 3] .
TIA pathway depends on indole and terpenoid precursors supplied by two convergent branches of the primary metabolites the shikimate and the isopentenyl diphosphate pathways. It involves more than twenty enzymes located in cytosol, (pro)vacuoles and chloroplasts/plastids [4] . These indole alkaloids such as antimalarial quinine from Chincona officinalis, the antineoplastic camptothecine from Camptotheca acuminta, the rat poison and tonic like strychnine from Strychnos nux-vomica, antihypertensive and tranquilizer resperine from Rauvolfia sp., and the widely investigated antitumor agents vinblastine and vincristine from Catharanthus roseus are now being prescribed in modern therapeutics to treat the diseases.
Catharanthus roseus L. (Apocynacea) also
known as Madagascar periwinkle is one of the most extensively used and investigated medicinal plant [5] . This is a major source of the highly important anti-cancer bisindole alklaoids i.e. vinblastine and vincristine [6] [7] [8] [9] . These alkaloids are responsible for control of white cells in blood (an indicator of leukemia) thus acting as an anticancer drug by preventing mitosis in the metaphase stage when they bind to the tubulin thus inhibiting the spindle fiber formation and the cell division [10] . Similarly antihypertensive alkaloids like ajmalicine and serpentine are found in the roots of these plants [11] [12] . Apart form these activities this plant is also found to be anti-microbial where extracts of the plant is found to be effective against S. typhi, S. aureus and B. subtilis [13] [14] . Other than these numerous similar pharmaceutical activities such as antidiabetic, melanomas of breast and lung, Hodgkin's and Non-Hodgkin's lymphoma are also described for this plant [15] . The water extract of this plant is also known to be effective against bleeding, fever and rheumatisim [16] . The anti-oxidant activity (anti-2, 2, 1-diphenyl-1-picrylhydrazyl) of this plant was also recently documented [17] [18] . Extensive work has been carried out on the use of this plant against a wide range of diseases [17] [19] [20] [21] [22] [23] [24] [25] [26] . Owing to very trace amount in C. roseus, has initiated widespread search for finding alternative solutions for cost effective and mass production of these drugs [7] [27] [28] .
Plant cell and tissue culture technique is widely used method to enhance the accumulation of such therapeutic secondary metabolites in a wide range of plants [29] . The cultured plant tissues have demonstrated much higher concentrations of alkaloids than the intact plants [30] [31] [32] . The biotechnological approaches to manipulate and regulate the production of these alkaloids of C. roseus have been overviewed recently [7] .
In the present study we are applying factors such as physical state, concentrations and types of nutrient salts (MS and B5), the level of sucrose, and combinations of plant growth regulators with the aim to create stress conditions similar to that experience by plant in the field as an inductive force for enhanced production of total alkaloids containing higher amount of anticancer vincristine and vinblastine.
Materials and Methods

Selection of Plants and Explants
The Catharanthus roseus L. were grown as seedlings in the GITAM campus as hedge plant. Axillary buds shoot tips, leaf segment and roots of six week old plants growing in the GITAM campus were collected for the culture establishment. These explants were used for callus induction following standard protocol [33] . Most of these explants were not successfully established due to heavy contamination by endophytic fungi (Fusarium oxysporum) and bacteria [34] . Since the leaf segments were only successful in culture establishment, further studies was confined with leaf segments as explants of choice.
Explants Preparation and Culture Establishment
The leaf explants were collected washed thoroughly under running tap water for 15 min. were dried in oven at 60°C for 2hrs to make the papers completely moisture free, cooled down to room temperature before weighing. One of the dried filter paper discs was used to filter simple distilled water followed by keeping over three layer of blotting paper towel for 1 hr with 2-3 changes to absorb moisture. The weight of moisture free filter paper was taken.
The cell biomass were harvested by pooled filtration from 100ml medium for each treatment using the pre-weighed filter paper and kept in the petri-plates over figure 1 .
Quantitative Estimation of Total Alkaloids
The total alkaloid was estimated following the modification of protocol [33, 37] . A 1 mL of methanolic extract was taken and the pH brought down at 2-2.5 were performed by using SPSS 15 package for Window (SPSS Inc., USA) in the present study.
Result and Discussion
Callus Induction, Growth and Development
Both axillary buds and shoot tip explants were found difficult for successful establishment of cultures due to high contamination (100%) by endophytic fungus Fusarium oxysporum [34] . In Podophyllum peltatum tissue cultures
Kadkade [42] [43] showed that full strength MS medium was best suited for callus and podophyllotoxins production. Similar results were also observed by Drewes & Staden [44] for solasodine production in Solanum mauritianum. Likewise Rosli et al. [45] showed that 9-methoxycanthin-6-one production was enhanced in Eurycoma longifolia callus cultures. The concentration of basal medium was also reported to contribute towards the variation of solasodine production in callus cultures of Solanum aviculare [46] . Similar findings were observed where along with auxins normal strength MS medium was found to be best for callus production of C. roseus [47] . 
Suspension Medium
The fresh and dry weight of the cell biomass was reduced 2-3 times in suspension condition when compared to agar solidified medium of both the nutrient (B5 and MS) formulation (Table 2 and The culture production conditions of Egyptian henbane had shown that full strength MS medium as the best suited for callus and metabolites production [48] . Similar results were also observed [49] [50] [51] for alkaloid production in Holarrhena antidysenterica to study the effect of biochemical engineering on secondary metabolites derived from plant source by implementation of biochemical engineering production using cell suspension culture. MS suspension culture at normal strength proved to be the best nutrient source for biomass and alkaloid production [52] while studying the production of some important secondary metabolites from medicinal plants by plant tissue cultures.
These findings corroborated with the findings where cytokinin in B5 media was found to very helpful in increasing the total alkaloid content in Catahranthus roseus [53] [54] (Table 5a ). The lower concentrations of both sucrose and PGR's were found significantly less effective than their higher concentrations. Sucrose at 3%
concentrations along with PGR's combinations B (Table   5 observed that sucrose at 3% in basal MS medium was best for callus development for Solanum nigrum [58] .
Earlier Kadkade [43] showed sucrose as the best carbon source for the production of podophyllotoxin in callus culture of Prodophyllum peltatum while glucose, fructose and galactose were less effective. Bondarev et al. [59] optimzed accumulation of steviol glycoside from developing Stevia rebaudiana shoots cultivated in the roller bioreactor using nutrient medium containing 3%
sucrose. Enhanced alkaloid content was from callus and cell biomass of C. roseus with maximum production in (Table 6a ). In MS suspension medium fresh wt and dry wt of the cell biomass were significantly (2-3 times) less compared to agar medium. Whereas alkaloid content, productivity and the yield were 2-3 times higher than that produced in MS agar medium. The alkaloid production (in mg/l) remained unaffected irrespective to the level of sucrose or the PGR combinations in suspension medium ( Table   6 ). The lower concentrations of both sucrose and PGR's were found least responsive than the higher concentration. All the responses were at best in the presence of 3% sucrose along with PGR's combination B (Table 6 footnote Sucrose at 3% was beneficial in the production of ajamalicine and catharanthine from immobilized cells of C. roseus using a conditioned medium [61] . However, sucrose ranging from 2-6% increases the production of arbutin from suspension cultures of C. roseus by glucosylation of exogenous hydroquinone [62] . Maximum accumulation of betacyanin in suspension culture of Phytolacca americana was enhanced by increasing the cell number in the presence of 88mM sucrose and by fresh weight in 175mM sucrose containing medium [63] . Additionally, sugar type and the osmotic potential of the culture medium affected the somatic embryogenesis in Euonymus europaeus [64] . Fragaria ananassa callus when grown in dark in MS medium in the presence of sucrose at 3% showed enhanced production of anthocyanin content [65] .
MS Suspension Medium
Conclusion
In the present study we concluded that there 
